Changes in the composition of the highly complex mixed populations of bacteria in gingival pockets occur concurrent to the development of periodontal diseases. To document such changes and find correlations with disease development, specific members of the flora should be quantitatively monitored. However, many of the oral bacteria have special nutritional demands and thus are difficult to detect by available culture methods (11) . Advances in the understanding of the metabolism of such fastidious bacteria may be expected to lead to improved methods for their cultural detection. To this end, the chemically defined tissue culture medium ZW (15) has been modified to make it adequate for the recovery of many oral bacteria, including the fastidious Wolinella and Campylobacter group organisms (16) . Some microorganisms, however, proved to be more demanding: black-pigmenting Bacteroides could only grow when this defined medium was supplemented with fetal calf serum (FCS) (16) . Even more demanding were Treponema vincentii and Bacteroidesforsythus, which in addition to FCS needed further growth-promoting components. For T. vincentii, one such growth factor, isolated from milk, was identified as N-acetylglucosamine-1-phosphate (2) .
The present study on growth factors for B. forsythus demonstrates a unique requirement of this organism for N-acetylmuramic acid (MurNac). This may explain previous difficulties in culturing B. forsythus.
MATERIALS AND METHODS
Bacterial strains. The origins of all bacterial strains used in this study have been described before (7, 14) .
Media and growth conditions. The synthetic tissue culture medium ZW (15) was modified and prepared as described for the Wolinella and Campylobacter group (16) chromatographically distinct from MurNac (data not shown). They are likely to contain MurNac and are probably muramylpeptides, which are known to be potent modulators of immunoreactivity (1) and bone metabolism (3). Proliferating B. forsythus may thus remove free muramylpeptides from the subgingival space, and thereby at least indirectly influence disease development.
Salvage of MurNac. The synthesis of MurNac and its extension to muramylpeptides has so far only been known to occur on a uridine diphosphate (UDP) carrier (8) . The above results, however, imply the activity of a salvage pathway for preformed MurNac. To search for a similar activity in other bacteria, phosphomycin was used to block endogenous UDP-MurNac synthesis (9) . With this treatment, phosphomycin-sensitive cells can only be expected to grow if they are able to take up and incorporate exogenous MurNac. However, the presence of MurNac (30 mg/liter) in M/ZW with 5% FCS did not abolish the sensitivity to phosphomycin of Escherichia coli ATCC 25922, Wolinella recta FDC 267R, and F. nucleatum FDC 364. The MICs of phosphomycin for these three strains, irrespective of the presence of absence of MurNac, were 0.01, 0.03, and 0.001 mg/ml, respectively.
The three (MurNac-dependent) strains of B. forvsythus were resistant to phosphomycin at concentrations up to 1 mg/ml. These data indicate that the ability to salvage exogenous MurNac for peptidoglycan synthesis may be unique to B. forsythus. This should make that organism useful for studies of sacculus synthesis and turnover (8) .
Factors limiting the growth of B. forsythus in complex medium. The dependence of B. forsythius on exogenous
MurNac was first found in a synthetic medium. Such defined media are obviously desirable for analytical studies. However, bacteriological routine favors simpler techniques. To determine whether a lack of available MurNac in conventional media could explain previous difficulties in culturing B. forsythus (4-6, 10, 13, 14) , commercial broth media were supplemented with 5% FCS or MurNac (10 mg/liter) or both. In these tests, Trypticase soy broth and Actinomyces broth values for triplicate cultures were plotted (variation was <10%).
